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, , Fourier $\tilde{u}_{i}(k, t)$ ( $k$ ) ,
$[ \frac{\partial}{\partial t}+\nu k^{2}]\tilde{u}_{i}(k, t)=-\frac{\mathrm{i}}{2}(\frac{2\pi}{L})^{3}\tilde{P}_{ijm}(k)$
$\sum_{p}\sum_{q}$
$\tilde{u}_{j}(-p, t)\tilde{u}m(-q, t)$ (2.1)
$(k+p+q=\mathit{0})$
. , Navier-Stokes . $\tilde{P}_{ijm}(k)=km\tilde{P}_{i}j(k)+k_{j}\overline{P}_{im}(k)$ ,
$\tilde{P}_{ij}(k)=\delta_{ijj/}-k_{i}kk^{2}$ , $\nu$ . , (2.1)
. , $\tilde{u}_{j}(p)\tilde{u}_{m}(q)$ $P$ $q$ , ,
$p,$ $q$ , $k+p+q=\mathit{0}$
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$[ \frac{\mathrm{d}}{\mathrm{d}t}+\nu]X_{i}(t)=\sum_{j}\sum_{k}$ Oijk $xj(t)Xk(t)+F_{i}(t)$ $(i=1,2, \cdots, N)$ (2.2)
. $X_{i}(i=1,2, \cdots, N)$ (2.1) , $\nu$
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$V_{ij}(t, t)’=\overline{X_{i}(t)X_{j(t’})}$ $(t\geq t’)$ (3.1)
. .–. ( ) . , (2.2) ,
$V_{ij}$
$\frac{\partial}{\partial t}+\nu\rfloor V_{in}(t, t’)=\sum_{j}\sum_{k}C_{ijkj}\overline{x(t)x_{k(}t)x_{n}(t’)}$ $(t>t’)$ , (3.2)
$[ \frac{\mathrm{d}}{\mathrm{d}t}+2\nu]V_{in}(t, t)=\sum_{j}\sum_{k}C_{ijkj}\overline{x(t)x_{k(}t)x_{n}(t)}+\overline{F_{i}(t)x_{n}(t)}+(irightarrow n)$ (3.3)
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2 , ( 2). , $X_{i}$ $t_{0}$
$X_{i}(t)=x_{i/00}^{()}(t0_{ijk0}|t\mathrm{o})+X_{i/i\mathrm{o}j\mathrm{o}0}^{(1)}(kt|t_{0})$ $(t\geq t_{0})$ (3.4)
. $x_{i/00}^{(0)}(ijk_{0}t|t_{0})$ 3 $X_{i_{\text{ }}},$ $X_{j_{0}}$ $X_{k_{0}}$
, ( $\mathrm{n}\mathrm{o}\mathrm{n}- \mathrm{d}\mathrm{i}_{\Gamma \mathrm{e}\mathrm{c}\mathrm{t}}-\mathrm{i}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{t}\mathrm{i}_{\mathrm{o}\mathrm{n}}$, NDI)
. $-$ , $X^{(1)}$ (direct-interaction, $\mathrm{D}\mathrm{I}$ ) .
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3.3 DIA-RRE
DIA , 2 (3.2), (3.3) 3
. ,
$G_{ij}(t|t)’= \frac{\delta X_{i}(t)}{\delta X_{j}(t)}$, $(t\geq t’)$ (3.6)
. $\delta$ , $G_{ij}$
(2.2) $X_{j}$ . , DIA
, .
$[\mathrm{a}]X_{i}$ , $G_{ij}$ .
$[\mathrm{b}]\mathrm{D}\mathrm{I}$ $X_{i}^{(1)}$ $G_{ij}^{(1)}$ NDI .
[cl (3.2), (3.3) (3.4). , $X_{i}^{(1)}$ 1 [DIA
2].
$[\mathrm{d}]$ [C] $[\mathrm{b}]$ , [DIA 1] $V_{ij}$ $\overline{G}_{ij}$
.
[el $G_{ij}$ , [C], $[\mathrm{d}]$ . ,
$V_{ij}$ $\overline{G}_{i}$, .
, , – ( $X_{i}$ s ) ,
$V_{ii}$ ,
$V_{ii}(t, t’)=\mathcal{V}(t-t’)$ (3.7)
, $[\mathrm{a}]\sim$ [el , ,
$[ \frac{\mathrm{d}}{\mathrm{d}\tau}+\nu]\mathcal{V}(\tau)=-\frac{2c_{1}}{\mathcal{V}(0)}\int_{0}^{\tau_{\mathrm{d}\mathcal{T}’}}[v(\mathcal{T}^{J})]2\tau \mathcal{V}(-\mathcal{T}’)$ (3.8)
. $c_{1}= \sum_{j}\sum_{k}$ (Cijk)2 . , DIA-RRE
. ( , . )
4 Reynolds
, (2.2) , Reynolds (Reynolds-
number reversed expansion, RRE) . ,
$\sim t=\nu t$ (4.1)
$\tilde{X}_{i}(^{\wedge}t)=xi(t)$
$\frac{\mathrm{d}}{\mathrm{d}t\sim}\tilde{X}_{i}(^{\sim}t)=\lambda\sum_{j}\sum_{k}$ cijk $\tilde{x}j(^{\sim}t)\overline{x}k(^{\sim}t)-\tilde{x}i(t\sim\sim)+^{\tilde{p}_{i(t)}}$ (4.2)
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, . $\lambda=1/\nu$ . Navier-Stokes
Reynolds . , $\lambda<<1$ $\tilde{X}_{i}$
$\tilde{X}_{i}(t)=\tilde{X}_{i}^{(0)}(t)+\lambda\tilde{X}_{i}^{(1)}(t)+O(\lambda^{2})$ (4.3)
$\lambda$ . $\tilde{X}_{i}$ (4.2) , $\lambda$
, $\tilde{X}_{i}^{(0)}$
$\frac{\mathrm{d}}{\mathrm{d}t}\tilde{X}_{i}^{(0)}(t)=-\tilde{X}_{i}^{(0)}(t)+\tilde{F}_{i}(t)$ (4.4)
. $\tilde{X}_{i}^{(1)}$ $\text{ }$ . , $\tilde{G}_{ij}=\delta\tilde{X}_{i}/\delta\tilde{X}_{j}$
. $\tilde{X}_{i}$ Reynolds , $\tilde{G}_{ij}^{(0)}\text{ }$ $\tilde{G}_{ij}^{(1)}$ ..
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3: DIA-RRE (3.8) . - ,
(2.2) .
$(\mathrm{a}),(\mathrm{b})$ , (3.2) . ,
(a) $(N, \nu)=(7,10),$ $(\mathrm{b})(7,1),$ $(\mathrm{c})(7,0),$ $(\mathrm{d})(10,0),$ $(\mathrm{e})(20,0),$ $(\mathrm{f})(40,0)$ .
– , (c) , $(\mathrm{a}),(\mathrm{b})$ $(\mathrm{e}),(\mathrm{f})$ . ,
DIA-RRE $\nu>>1$ $N>>1$ .
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$R_{ijk}(t-t’)= \frac{\overline{x_{i}(t)X_{j(}t)Xk(t’)}}{\sqrt{\overline{X_{i}(t)^{2}}\overline{X_{j}(t)2}\overline{x_{k}(t)2}}}$ (5.1)
. $X_{i}$ , $\{X_{i}, X_{j}, X_{k}\}$
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4 $R_{ijk}$ . , - , NDI . $N=7$
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, $N=20$ , NDI Rijk
$\langle$ , DIA 1 .
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, 2 . , $\mathrm{D}\mathrm{I}$
(5.2)$D(t-t \mathrm{o})=\langle\sum_{i}[X_{i/}^{(1)}i\mathrm{o}j0k_{0}(t|t_{0})]^{2}\rangle$
. $\langle$ $)$ .
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4: DIA 1 (5.1) 3 $R_{ijk}$
$(\{i,j, k\}=\{1,2,4\})$ . $X_{i}$ , $\{x_{1}, x_{2}, x_{4}\}$
NDI $X_{i/4}^{(0_{12}}$) . (a) $(N, \nu)=(7,0)$ , (b) $(N, \nu)=(20,0)$ .
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. Kraichnan [1]
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Navier-Stokes
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